Abstract. N-doped monoclinic Ga 2 O 3 nanostructures of different morphologies have been synthesized by heating Ga metal in ambient air at 1150°C to 1350°C for 1 to 5 h duration. Neither catalyst nor any gas flow has been used for the synthesis of N-doped Ga 2 O 3 nanostructures. The morphology was controlled by monitoring the curvature of the Ga droplet. Plausible growth mechanisms are discussed to explain the different morphology of the nanostructures. Elemental mapping by electron energy loss spectroscopy of the nanostructures indicate uniform distribution of Ga, O and N. It is interesting to note that we have used neither nitride source nor any gas flow but the synthesis was carried out in ambient air. We believe that ambient nitrogen acts as the source of nitrogen. Unintentional nitrogen doping of the Ga 2 O 3 nanostructures is a straightforward method and such nanostructures could be promising candidates for white light emission.
Introduction
White light emission is usually generated either by coating a yellow phosphor on a blue light emitting diode (LED) made of InGaN, or by mixing three primary colors (red, green and blue) by using a multilayer structure or doping an active host material with several fluorescent dyes, or composites. Recently, white light emission from nanostructures has become the research of general interest as a motive to replace the conventional device of white light emission ( gas flow is required for the synthesis of N-doped Ga 2 O 3 nanostructures. We have ensured the presence of N along with Ga and O in these nanostructures and they are uniformly distributed over the nanorods. The probable growth mechanisms for the different morphologies of the nanostructures are discussed. We also report the optical properties of N-doped Ga 2 O 3 nanostructures.
Experimental
Molten Ga (99⋅999% purity; Sigma Aldrich) was taken on a silicon substrate, quartz boat, and a thin layer of molten Ga was painted on sapphire, quartz substrates and heated in a horizontal tube furnace in air ambient. The experiment was carried out at temperatures ranging from 1150°C to 1350°C for a duration of 1 to 5 h. The final products were white in colour. The morphology of the nanostructures was examined by scanning electron microscopy (SEM) and transmission electron microscopy (TEM). The phase and the crystallinity of the samples were ascertained by X-ray diffraction (XRD) and TEM coupled with energy dispersive spectroscopy (EDS). The optical quality of the nanorods was examined by Raman spectroscopy with a 514⋅5 nm wavelength Ar ion laser. The compositions of the samples were examined by X-ray photoelectron spectroscopy (XPS). The elemental mapping of the nanorods were obtained by electron energy-loss spectroscopy (EELS) coupled with TEM.
Results and discussion
Figures 1a and b show the scanning electron microscope (SEM) images of molten Ga painted on sapphire and quartz substrates that show the formation of nanobelts (length ~ 10-20 μm and thickness ~ 50 nm) and nanoneedles (length ~ 10-20 μm and diameter ~ 100 nm), respectively. The temperature is maintained at 1250°C for 3 h in the case of molten Ga painted on sapphire and quartz substrates. Figure 1c shows the SEM image of the nanorods synthesized on a silicon substrate. In this case molten Ga droplet is placed on Si substrate and heated at 1250°C for 3 h. It is worthy to point out here that when Ga is placed on a Si substrate a part of the substrate is consumed, leaving a hole. This clearly confirms the fact
